Physiological adaptation may considerably improve aquatic organism survival when subjected to environmental threats in a variable environment. To clarify the metabolic plasticity of the freshwater copepod Eodiaptomus japonicus from Lake Biwa (Japan), respiration rates (R) of the copepod were determined over a temperature range of 8-30°C after acclimatizations at 15 and 25°C using an optical oxygen meter. R increased exponentially from 8 to 28°C and deviated from the exponential phase at 30°C for both acclimatizations with no significant differences, indicating the same metabolic plasticity to changing temperature as occurred in situ. Furthermore, R for copepodites was always high at high temperature, regardless of body weight. Therefore, it is possible to evaluate the metabolic costs of wild populations using the respiration rate temperature equation formulated in this study. Net growth efficiencies (K 2 ) calculated from respiration losses in this study and growth rates in a previous study of food effects showed low K 2 in the food-limited animals at high temperature, implying that high metabolic costs at higher temperatures induce decreasing growth rates in food-limited environments. Hence, the E. japonicus population that suffers from food shortage in Lake Biwa is probably threatened by temperature increase due to global warming.
I N T R O D U C T I O N
Metabolism provides basic information for understanding the linkage between the biology of aquatic organisms and the ecology of populations and ecosystems (Brown et al., 2004) , and the cycling of organic matter (Lampert, 1977a; Teuber et al., 2013) . It is also used to describe zooplankton activities in biogeochemical models (Pahlow et al., 2008) .
Copepods are the dominant zooplankton in aquatic food webs and the major link between primary production and higher trophic levels (Mauchline, 1998) . Previous studies on copepod physiology assist ecologists to trace nutrient pathways and energy balance contributing to growth and reproduction, and, consequently, to learn more about how environmental changes affect population dynamics (Kiørboe et al., 1985) . Understanding the mechanisms of physiological plasticity in copepods is vital for both natural populations and for managing aquaculture stocks; thus, many studies on the subject have been published (Hart and Mclaren, 1978; Roche-Mayzaud et al., 1991; Lee and Petersen, 2003) .
It is well known that temperature is one of the most important factors determining somatic growth and reproduction of copepods (Jiménez-Melero et al., 2007; Beyrend-Dur et al., 2011; Liu et al., 2014) mostly due to the strong influence that temperature has on metabolic rates of many aquatic organisms (Brown et al., 2004) . Metabolic rates in various copepod species have been determined in the laboratory as respiration rates (Kiørboe et al., 1985; Lee et al., 2001; Castellani et al., 2005) , and are generally related to both water temperature (Alcaraz et al., 2013; Cruz et al., 2013) and body mass Brown et al., 2004) .
Despite the large number of studies on metabolic plasticity of aquatic organisms, few have focused on metabolic responses after acclimatization (i.e. long-term adaptation) and even acclimation (i.e. short-term adaptation). Furthermore, results from these studies have been controversial (Sastry, 1979; Hop and Graham, 1995; Gaudy and Thibault-Botha, 2007) . In marine copepods, local adaptation of metabolic rates has been suggested to involve beneficial interactions between genotypes and surrounding abiotic factors (Bradley, 1978a, b; Edmands and Deimler, 2004) . The fact that copepods in the boreal ocean cannot live even at median temperatures (~12°C) would imply that their physiology and biochemistry differs markedly from those of temperate forms (Hirche, 1984) . Metabolic responses to temperature in several marine copepods were also shown to be different between summer and winter populations that would experience different temperature regimes during their development (Halcrow, 1963; Kawall et al., 2001; Gaudy and Thibault-Botha, 2007) .
It is quite difficult to measure oxygen consumption of mesozooplankton because of their small body mass and low oxygen demand, especially at low temperatures (Lee et al., 2001; Alcaraz et al., 2013; Cruz et al., 2013) . Methods mostly used for directly measuring oxygen consumption in zooplankton are the Winkler titration method (Williams and Jenkinson, 1982; Lee et al., 2001; Castellani et al., 2005) , the oxygen electrode method (Kiørboe et al., 1985; Ploug et al., 2008; Geslin et al., 2011) and the method of indirectly measuring the amount of enzymes related to respiration, e.g. lactate dehydrogenase or pyruvate kinase in the electron transfer system (Devol, 1979; Drits et al., 1993; Gómez and Hernández-León, 1996) . All these involve sensitive and tedious procedures and require a very large number of animals for testing (~200 ind. in each experiment) over a study (Nakamura and Turner, 1997; Castellani et al., 2005) . Recently, a contactless optical spot-fiber oxygen sensor was developed to measure dissolved oxygen (DO) concentration in water. It is very convenient for measuring DO concentrations in small volumes of water from outside a chamber. It is becoming popular to measure oxygen consumption of copepods but only for large species (>33 μg dry weight) (Bode et al., 2013; Teuber et al., 2013; Kiko et al., 2015) . We designed an optical oxygen sensor system to determine oxygen consumption rates of our target medium-sized copepod (<17 μg dry weight) in a less cumbersome way than with any previous method.
In this study, we focused on the calanoid copepod Eodiaptomus japonicus, an endemic freshwater species in Japan known to dominate the zooplankton community all year round in Lake Biwa (Kawabata, 1987) . It has been shown to play a crucial role in transporting energy through the food chain, and is an important food source for fish with high economic value in this lake (Kawabata et al., 2002) . Previous studies showed that this copepod had an extremely high population growth rate at high temperature under sufficient food supply (Liu et al., 2014) , indicating temperaturemediated metabolic responses. Severe food effects were also shown at temperatures >15°C (Liu et al., 2015) , and might be attributed to temperaturemediated metabolic cost in the copepods (Lampert, 1977a; Gillooly et al., 2001; Alcaraz et al., 2013) .
The aim of this study was to investigate the potential effects of acclimatization on the metabolic response to temperature in E. japonicus to clarify how metabolic plasticity is modified by acclimatization. Both global metabolic and growth models have been interpreted using net growth efficiency (K 2 ) and provided the basis for assessing energy flux, which is associated with material cycling by zooplankton assemblages (Hirst and Lampitt, 1998; Ikeda et al., 2001) . We therefore calculated K 2 in this target copepod to evaluate metabolic costs under different environmental conditions, and discuss the effects of global warming on the growth and physiology of the copepod.
M E T H O D Field collection and stock cultures
Eodiaptomus japonicus females with an egg sac were sorted from zooplankton samples collected with vertical plankton net hauls (mouth diameter, 45 cm; mesh size, 200 μm) from 30 m to the surface at a sampling site situated in the north basin of Lake Biwa (35°18′8.6″N, 136°09′8.8″E) from 25 July 2014 to 16 September 2015. The copepods (~100 ind. L −1 ) were then cultivated in 1-L jars filled with tap water filtered with a glass fiber filter (Whatman, GF/F), autoclaved and well oxygenated as stock cultures.
To determine differences in metabolic plasticity in E. japonicus, two stock cultures were acclimatized at two different temperatures, 15°C (T15) and 25°C (T25) 
Experimental procedure
Metabolic rate was expressed as the oxygen consumption rate over time. Oxygen consumption rates of adult males and females sorted from T15 and T25 were measured at 8, 10, 15, 20, 25, 28 and 30°C to determine the difference of metabolic responses to temperature between the different acclimatized individuals. The temperature range experienced by wild E. japonicus in Lake Biwa is 8-25°C (Liu et al., 2014) . The temperatures of 28 and 30°C were also used to evaluate the tolerance of the organisms to extremely high temperatures. Adult males and females were separately measured to avoid energy loss due to mobility and mating activities (Dur et al., 2011) . Additionally, oxygen consumption rates in copepodid stages C3, C4 and C5 from T15 were measured at 15 and 25°C to determine the effect of body mass. All the experiments lasted 12-18 hours with 2-4 replicates under dark conditions. More than 80% of the initial DO concentration remained at the end of all experiments. Animals were not fed during the experimental period. Five gas-tight glass bottles were situated in a water bath placed in an incubator (CN-25C, Mitsubishi, Tokyo, Japan) to keep a constant temperature in the bottles (Fig. 1) . All experimental bottles were cleaned with an ultrasonic cleaner (HZ-630, AS ONE, Osaka, Japan) without using any antibiotics. The DO concentration in each bottle was measured using a fiber-optic oxygen meter (Firesting O 2 , PyroScience, Aachen, Germany), fitted with a spot-fiber oxygen sensor (SPFIB, PyroScience, Aachen, Germany). This allowed semicontinuous (every minute) measurements using four oxygen sensors (two for experimental bottles with animals Fig. 1 . Schematic diagram of the water bath incubator and closed-bottle unit for measuring oxygen consumption of copepods using a fiber-optic oxygen meter.

and two for control bottles without animals) with a submersible temperature sensor (TSUB21, PyroScience, Aachen, Germany) in the last bottle. An oxygen sensor spot (OXSP5, PyroScience, Aachen, Germany) was glued to the inner wall of each experimental bottle to non-invasively and non-destructively measure the DO concentration with oxygen sensors from outside the bottles. This new technology for measuring DO is based on an optical oxygen-detection technique using red light irradiance and a spot-fiber oxygen sensor providing a DO detection limit of 1 μLO 2 L −1 with a coefficient of variation of 0.02-0.2% (http://www.pyro-science.com).
Experimental animals were sorted from each stock culture, transferred to a 20-mL vial filled with FTW and adapted from the temperatures in the stock cultures (15 or 25°C) to those in the experiments (8-30°C) over 12-30 hours, according to the number of temperature change steps, e.g. four steps (20, 15, 10 and 8°C) in the case of 8°C experiment with T25 animals, in an incubator to avoid temperature shock. Then the animals were gently washed three times with FTW to remove remaining algae and bacteria from the stock culture. Finally, 2-4 individuals were placed into a gas-tight experimental glass bottle (3-mL) filled with FTW, and DO concentration monitoring was started. Despite the excellent precision of DO detection with the oxygen meter, unstable DO concentrations were detected during the first few hours of the incubation because of low near infrared-emission under high DO concentrations (>4.5 mLO 2 L −1 ), so that high DO (±0.2%) variation was detected (Supplementary data, Fig. S1 ). DO concentrations in the experimental bottles also fluctuated during the first few hours of the incubation, probably due to increasing activity of animals as pointed out by Teuber et al. (2013) . Therefore, data used for analyses were taken after 4 hours from the start of the incubation. After that DO concentrations decreased linearly with incubation time, always more rapidly in experimental bottles compared to those in controls (Supplementary data, Fig. S1 ). The period for estimating oxygen consumption rates with regression analysis was from 3 to 12 hours depending on temperature and size of the animals tested. In each experiment, differences between slopes of the regression lines in experimental and control bottles were tested with analysis of covariance. When the differences were not statistically significant (~30% of total), results were discarded and not used for the following calculations. At the end of the experiments, the animals were preserved with 5% neutral sugar formalin, and the PL was measured with an eyepiece micrometer under a dissecting microscope (SZX12, Olympus, Tokyo, Japan) at a magnification of ×900.
Data transformation and statistical analysis
The weight-specific respiration rate (R, μLO 2 mg-dryweight
) was estimated from the slope of the linear regression line of oxygen concentration in both experimental and control bottles against incubation time using the following equation:
where ΔO exp and ΔO c are the coefficients of oxygen consumption (µLO 2 L −1 h −1
) estimated as the slope of the regression lines in the two experimental bottles and average slope in the two control bottles, respectively, using the least-square method, and V is volume of the experimental bottle (L). The slope detection accuracy was 0.1
; therefore, the accuracy of DO consumption was at least 10 −4 µLO 2 ind −1 h −1 when four individuals were incubated in a 3-mL experimental bottle. N and W′ are number of animals in an experimental bottle and average body dry weight (μg), respectively. Body dry weight of each experimental animal (W, µg) was calculated from its prosome length (PL, mm) using the length-weight equation (Kawabata and Urabe, 1998) . Therefore, the accuracy of R can be expressed as at least 10 −2 µLO 2 mg-dry-weight
. Rs from the temperature range of 8 to 28°C were fitted to an exponential temperature function using the least-square method. The magnitude of the acceleration of the metabolic rate is generally characterized by the Q 10 value, the ratio of rates resulting from a temperature increase of 10°C (Downing and Rigler, 1984) .
To evaluate the physiological efficiency of E. japonicus under different environmental conditions, the net growth efficiency (K 2 , %) for well-fed and food-limited individuals at 15 and 25°C was calculated using the following equation:
where G (μgC) is the somatic growth of copepodites, calculated with
where W C1 and W C6 are the body dry weights (μg) of the first and sixth (adult) copepodid stages (C1 and C6), respectively. Body weights of zooplankton individuals were used from cultures with algal densities of 10 3 (foodlimited) and 5 × 10 4 (well-fed) cells mL −1 at 15 and 25°C in a previous study (Liu et al., 2015) . M (μgC) is the total respiration loss during copepodid development and calculated as 
R E S U L T S
Eodiaptomus japonicus body weights of copepodid and adult stages (C3-C6) used for measuring oxygen consumption ranged from 3.079 to 16.186 μg (Table I ). On (Table I) . In all cases, the oxygen consumption rates were 1.5-to 12.8-fold greater in experimental bottles than in control ones. Oxygen consumption in control bottles (ΔO c × V) increased with temperature, probably due to contaminating bacteria (Supplementary data,  Fig. S2 ). There was a 10-fold difference at each temperature, varying from 0.004-0.05 μLO 2 h −1 to 0.03-0.4 μLO 2 h −1 at 8-30°C. Weight-specific respiration rates (R, μLO 2 mg-dryweight
) of adult E. japonicus increased exponentially with increasing temperature from 8 to 28°C for both males and females acclimatized at both 15 and 25°C (Fig. 2) . Average R varied from 1.64 to 10.78 and 1.55 to 9.77 μLO 2 mg-dry-weight −1 h −1 for males and females, respectively, acclimatized at 15°C, while it was 1.71 to 11.13 and 1.98 to 10.10 μLO 2 mg-dry-weight
h −1 for those acclimatized at 25°C. Rs at 30°C deviated from the exponential phase, being significantly lower than those at 28°C for the animals acclimatized at both 15 and 25°C (Kruskal-Wallis test, df = 1, H = 8 and 7.35 at 15 and 25°C, respectively, P < 0.05). Rs at 30°C for the animals acclimatized at 15°C were slightly lower than those for the animals acclimatized at 25°C, although the difference was not statistically significant (Kruskal-Wallis test, df = 1, H = 2.91, P = 0.088). The GLM showed that Rs were significantly influenced by experimental temperature, but not by acclimatization and gender and there were no interactive effects of these (Table II) .
Rs in copepodid and adult stages from C3 to C6 were always higher at 25°C than at 15°C, while exhibiting low correlation with W (r 2 < 0.03) (Fig. 3) . Statistical analysis showed that the slopes did not significantly deviate from zero at both temperatures (n = 30 and 28, t = 0.875 and 0.446 at 15 and 25°C, respectively, P > 0.05), indicating that R was independent from W. Rs were significantly different between these two temperatures (Kruskal-Wallis test, df = 1, H = 21.77, P < 0.001).
Since there were no significant differences of R between the acclimatizations and were independent from body weight, all data were pooled, and the relationship between R and temperature (T,°C) was expressed as an exponential function for the temperature range of 8-28°C:
The Q 10 value was 2.3 when temperature increased from 15 to 25°C.
Finally, we estimated net growth efficiency (K 2 ) from carbon accumulation and metabolic loss in E. japonicus. K 2 in well-fed individuals was 47-49% in males and 49-52% in females at both 15 and 25°C, while K 2 in foodlimited males and females was 44% at 15°C but decreased to 27-28% at 25°C (Fig. 4) .
D I S C U S S I O N
Small-volume experimental chambers are needed for measuring respiration rates in microzooplankton to mesozooplankton so that oxygen reduction can be determined with good precision (Downing and Rigler, 1984) . In previous studies, relatively large chambers (60-250 mL) were often used with traditional methods Fig. 2 . Ln-transformed weight-specific respiration rates (R, μLO 2 mgdry-weight −1 h −1 ) of E. japonicus acclimatized at 15°C (T15, triangles) and 25°C (T25, circles) at seven experimental temperatures (solid symbols in males, open symbols in females). The regression lines are for R against temperature, except for 30°C (black at T15 and gray at T25, solid line for males, dashed line for females). Error bars indicate standard deviation. (Ikeda, 1971; Nakamura Turner, 1997; Castellani et al., 2005) , while in this study, we used a 3-mL gas-tight glass bottle for the measurements and successfully detected oxygen consumption of a small copepod, E. japonicus. This volume was a suitable and convenient size for handling and checking small-to medium-sized animals under a dissecting microscope, and provided enough space for the animals to swim freely. Density of experimental animals tends to bias metabolic rates. In marine zooplankton, respiration rates have been shown to increase with increasing densities in a container (Satomi and Pomeroy, 1965) . In Daphnia magna, crowding seemed to enhance respiration, though this kind of crowding effect was not found in a marine calanoid, Calanus finmarchicus (Zeiss, 1963) . Therefore, it is better to conduct respiration experiments with a small number of animals as possible. A single individual measurement has been conducted only with large marine copepods whose body dry weights were >360 μg ind −1 , e.g. Gaetanus pileatus, Eucalanus hyalinus and Rhincalanus nasutus (Teuber et al., 2013) .
In our method, although the variation of oxygen consumption rates in the controls (i.e. ΔO c × V, Supplementary data, Fig. S2 ) might indicate different levels of microbial contamination (i.e. bacteria) in the incubation bottles in each experiment, the variations in the controls (ΔO c ) were small enough so that we could detect differences of oxygen consumption in the experimental bottles due to animals (ΔO exp ). Conservative detection limits for calculating the respiration rates should be more than the largest values of ΔO c × V, 0.03-0.4 µLO 2 h −1
. Since oxygen consumption rates in small-to medium-sized copepods mainly ranges from 0.01 to 1.6 μLO 2 ind −1 h −1 depending on temperature (Isla and Perissinotto, 2004; Bode et al., 2013; Teuber et al., 2013) , only a couple of individuals in an experimental chamber would be needed with this method. However, a single individual might be sufficient if oxygen consumption in the controls could be reduced with less microbial contamination in the experimental vials. In our unpublished experiments, respiration rates of even single adult Arctodiaptomus dorsalis females (~10 µg dry weight) were successfully measured with the same procedure. To measure oxygen consumption with a single individual, careful procedures, e.g. preparing FTW, handling of the animals during the whole procedure and using antibiotics if necessary, are essential. Further   Fig. 4 . Estimated net growth efficiencies (K 2 ) for food-limited (gray bars) and well-fed (black bars) E. japonicus males (A) and females (B) at 15 and 25°C. studies for measuring oxygen consumption rates for an individual might be possible and would define individual variability of metabolic rates in microzooplankton and mesozooplankton. Apparent seasonal variation of respiration rates due to temperature responses has been shown for the marine copepod Centropages spp., suggesting acclimatization to changing seasonal thermal conditions (Gaudy and Thibault-Botha, 2007) . The E. japonicus population mainly inhabits the epilimnion of Lake Biwa (Kawabata, 1987) , where water temperature seasonally varied between 8 and 25°C (Liu et al., 2014) . We found that E. japonicus acclimatized at two constant temperatures: i.e. spring (15°C ) and summer temperatures (25°C), experienced by the copepod in the lake over two generations in the laboratory, showing almost the same metabolic plasticity to changing temperature as occurs in situ. This suggests that both spring and summer populations in the lake had the same responses to temperature changes. Although two generations might be short for acclimatizing copepods at a specific temperature, the tolerance temperature range of the copepod found in this study, i.e. 8-28°C, was wider than the seasonal variation of temperature experienced by the wild population, i.e. 8-25°C, in Lake Biwa (Kawabata, 1989) . Bradley (1978a) suggested that copepods would not need to change genetically throughout the year if the range of individual tolerance was sufficiently wider than the seasonal temperature variation. Additionally, this implies that the respiration rate temperature function obtained in this study is applicable to the wild population in any season.
Metabolic rates are depressed when surrounding temperatures exceed the tolerance ranges of zooplankton species: e.g. >20°C in Daphnia pulex (Lampert, 1977b) , >19°C in Boeckella dilatata (Green and Chapman, 1977) , >10°C in Calanus glacialis, >11°C in Metridia longa (Hirche, 1987) and >8°C in Cyclops bicuspidatus (Laybourn-Parry and Strachan, 1980) . Bradley (1978a) showed that acclimatization of Eurytemora affinis at higher than usual in situ temperatures could lead to greater tolerance at high temperatures. The harpacticoid copepod, Tigriopus japonicus, was also able to tolerate higher temperatures than usual once acclimated to high temperatures (Damgaard and Davenport, 1994) . In D. magna, one-generation acclimatization to a higher temperature prolonged the period of tolerance until immobilization due to heat shock (Yampolsky et al., 2013) . In this study, the weightspecific respiration rates (R) for animals acclimatized to both temperatures declined over 28°C. The depression of R at 30°C, however, seemed to be more relaxed for copepods acclimatized at 25°C compared to those at 15°C, indicating that high temperature acclimatization may expand the tolerance range even for E. japonicus, though there was no statistically significant difference. The upper limit of temperature, i.e. 28°C, for metabolic activity in E. japonicus was 3°C higher than the upper in situ maximum seasonal value. In the 5th IPCC report (Hijioka et al., 2014) , even the best estimate of different climate scenarios predicts that global average surface temperature may increase~3°C at the end of the 21st century in the Asian region. This increasing temperature by global warming will increase in situ water temperature within the tolerance range of this copepod. Additionally, the E. japonicus population in Lake Biwa might be adapted to warm waters (Liu et al., 2014) , having an ability for adapting to warmer temperatures after acclimatization. This implies that E. japonicus has an ecological advantage when temperatures rise due to global warming. Further investigation of temperature tolerance adaptation in this copepod is needed to clarify this issue, and it might be helpful for understanding the physiological responses of this species in the lake.
Q 10 in a given species has been shown to vary with the habitat temperature to which it is adapted (Rao and Bullock, 1954) , being 2-3 for marine copepods in general (Lee et al., 2001; Isla and Perissinotto, 2004; Castellani et al., 2005) . Q 10 of E. japonicus from Lake Biwa was 2.3, similar to values for other temperate and boreal species. It is~2.5 for some copepods off the northwest coast of Morocco (33°N) (Nival et al., 1974) , 2.3-3.4 for the estuarine species Pseudodiaptomus hessei in Mpenjati Estuary, South Africa (30°17′S) (Isla and Perissinotto, 2004) , 2-3.8 for freshwater species of Diaptomus spp. in Fargo, USA (47°N) (Comita, 1968) and 4.6 for arctic C. glacialis in the Greenland Sea (79°N) (Hirche, 1987) . However, a Q 10 of 1.4-2 was determined for three tropical species collected from the eastern tropical Atlantic (10°N) (Kiko et al., 2015) , and the median Q 10 value for 11 tropical species in Mindelo Bay, West Africa (17°N) was 1.8 (Teuber et al., 2013) , which was lower than for those of temperate and arctic species. These results imply that a Q 10 of > 2.0 is typical for species inhabiting higher latitudes but not for lower latitudes. This may be related to large seasonal water temperature fluctuations at higher latitudes. High Q 10 values in copepods might indicate high sensitivity to temperature (Mauchline, 1998) . Therefore, copepods with a higher Q 10 might adapt to a wide range of temperature fluctuation, while copepods having a lower Q 10 might adapt to a narrow temperature range.
In this study, no relationship between R and body weight among copepodid and adult stages (C3-C6) in E. japonicus was found. Generally, in copepods, a negative correlation between R and body dry weights has been reported, there being two to three orders of difference between naupliar and adult stages (Comita, 1968; Champalbert and Gaudy, 1972; Fernández, 1978; Vidal, 1980) . The difference of body dry weight between C3 and adults in E. japonicus was just 3.4-fold (Liu et al., 2014) . This narrow range of animal body weights used in this study may have led to the lack of correlation between body weight and R.
Temperature is the most influential factor in determining net growth efficiency (K 2 ) in copepods due to higher metabolic costs or carbon losses by respiration at higher temperatures Lee et al., 2001) . In this study, temperature effect on K 2 was greater in food-limited copepods than in well-fed ones; severe declines of K 2 in food-limited copepods at higher temperature occurred. Food quantity is the second most influential factor for K 2 in zooplankton (Lampert, 1977a) because metabolic costs, i.e. respiration rates, are also associated with food quantity (Kiørboe et al., 1985) . Previous studies showed that respiration rates increased with increasing food concentration for both copepods (Abou Debs, 1984; Kiørboe et al., 1985) and cladocerans (Urabe and Watanabe, 1991a,b) . Such respiration rate increases with increasing food concentration are considered to be associated with energetic costs required for biochemical processes with feeding known as specific dynamic action (Kiørboe et al., 1985; Urabe and Watanabe, 1990) . Kiørboe et al. (1985) showed that respiration rates in Acartia tonsa were >4 times higher at saturating food conditions than those in non-fed individuals. The respiration rates measured in this study, therefore, might be conservative because no food was supplied during the experiments. Additionally, feeding behavior itself potentially enhances the metabolic cost of an organism under food-limited conditions because of energy demanding processes such as maintaining metabolism and searching scarce food (Kiørboe and Hirst, 2014) . Previous food enrichment experiments indicated that E. japonicus often suffers from food limitation in Lake Biwa (Kawabata, 1989) . K 2 calculated in this study could, therefore, be the potential upper limit and might be lower under food-limited field conditions.
C O N C L U S I O N S
The same metabolic plasticity at the two temperatures that E. japonicus from Lake Biwa were acclimatized to might be attributed to a wide temperature tolerance range of the copepod. The experimental temperatures exceeded the annual temperature fluctuation in the lake. Despite an increase~1.5°C of the lake water during the past five decades due to global warming (Hsieh et al., 2010) , E. japonicus was always the dominant species (Hsieh et al., 2011) . Results obtained in this study suggest that this may be attributed to adaptability of this copepod to warm water. Evaluation of K 2 , however, suggests that warming might result in vulnerable environments for this copepod through high metabolic costs under food-limited conditions. Further information for combined effects of temperature and food condition on physiological responses will be needed to clarify the dynamics of E. japonicus population in situ.
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